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(57) Abstract 



An improved fluorescence monitoring apparatus for measuring fluoresceni 
emission from a sample in response to sample irradiation by an emission beam 
is disclosed. The apparatus employs a sample tube having surface roughness 
characteristics which subsianiially reduce background fluorescence emission due 
to contaminaiion of the tube holder in the apparatus. Also disclosed is a method 
of reducing such background, by texturing of a sample tube to produce desired 
roughness characteristics. 
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OPTICAL CUVETTE 

Field of the Invention 

The present invention relates to the field of reaction vessels adapted for use in fluorescent 
5 detection systems, and in particular, to a reaction vessel for use in a apparatus that employs 
fluorescence-based measurements of nucleic acid amplification products. The invention also 
includes a method for reducing fluorescent background in a fluorescence monitoring apparatus. 

References 

10 Fung et al., U.S. patent 4,855,225 

Menchen et al., U.S. patent 5,188,934 

Bergot et al.. International Patent Application PCT/US90/05565 
Holland et al., Proc. NaU. Acad. Sci., 88: 7276-7280 (1991) 
Karger et al.. Nucleic Acids Research, 19: 4955 21962 (1991) 
15 Keller and Manak, DNA Probes. Second Edition (Stockton Press, New York, 1993). 

Lee et al.. Nucleic Acid Research, 21: 3761-3766 (1993) 
Walker et al.. Nucleic Acids Research, 20:1691-1696 (1992). 

Haugland, pgs. 221-229 in Handbook of Fluorescent Probes and Research Chemicals. 
5th Edition (Molecular Probes, Inc., Eugene, 1992) 
20 Glazer et al., Proc. NaU. Acad. Sci., 87: 3851-3855 (1990) 

Srinivasan et al., Applied and Theoretical Electrophoresis, 3: 235-239 (1993) 

Kapuscinski et al., Anal. Biochem., 83: 252-257 (1977) 

Hill, Anal. Biochem., 70: 635638 (1976) 

Setaro et al., Anal. Biochem., 71: 313-317 (1976) 
25 Latt et al., J. Histochem. Cytochem., 24:24-33 (1976) 

Rye et al.. Nucleic Acids Research, 20: 2803-2812 (1992) 
Background of the Invention 

Fluorescent detection of reaction products is common in a number of analytical settings. 
Typically, analytical instruments for monitoring fluorescent reactions are equipped with reaction 
30 chambers designed to minimize flourescence from external sources, for example, by providing 
a light-impermeable compartment constructed of non-fluorogenic materials. However, such 
precautions may not prevent fluorescent emissions from contamination sources, such as flecks 
of hair or skin introduced to the chamber during sample manipulation. 
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The present invention provides a sample tube which is constructed to reduce fluorescence 
from external sources. The tube is particularly useful in nucleic acid amplification reactions, 
such as the polymerase chain reaction (PCR) in which progress of the reaction is monitored. 

PCR has become a research tool of major importance with applications in cloning, 
analysis of genetic expression, DNA sequencing, genetic mapping, drug discovery, and the 
like, e.g. Amheim et al (cited above); Gilliland et al., Proc. Natl. Acad. Sci., 87: 2725-2729 
(1990); Bevan et al., PCR Methods and Applications, 1: 222-228 (1992); Green et al., PCR 
Methods and Applications, 1: 77-90 (1991); Blackwell etal,. Science, 250: 1104-1110 (1990). 

While a number of instruments have been developed for carrying out nucleic acid 
amplification, most employ basic PCR technology, e.g. Johnson et al., U.S. patent 5,038,852 
(computer-controlled thermal cycler); Wittwer et al., Nucleic Acids Research, 17: 43534357 
(1989)(caplllary tube PCR); Hallsby, U.S. patent 5,187,084 (air-based temperature control); 
Gamer et al., Biotediniques, 14: 112-115 (1993)aiigh-throughput PCR in 864-well plates); 
Wilding et al.. International application No. PCT/US93/04039 (PCR in micro-machined 
structures); Schnipelsky et al., European patent application No. 90301061.9 (publ. No. 
0381501 A2)(disposable, single use PCR device), and the like. Important design goals 
fundamental to PCR instrument development have included fine temperature control, 
minimization of sample-to-sample variability in mulii-sample thermal cycling, automation of 
pre- and post-PCR processing steps, high speed cycling, minimization of sample volumes, real 
time measurement of amplification products, minimization of cross-contamination, or sample 
carryover, and the like. 

Recently, PCR designs have focused on instruments that permit the amplification reaction 
to be carried out in closed reaction chambers and monitored in real time. Closed reaction 
chambers are desirable for preventing cross-contamination, e.g. Higuchi et al.. Biotechnology, 
10: 413-417 (1992} and 11: 1026-1030 (1993) and Holland et al., Proc. Natl. Acad. Sci., 88: 
72767280 (1991). Real time monitoring is particularly desirable in the analysis of diagnostic 
samples, where high frequencies of false positives and false negatives can severely reduce the 
value of the PCR-based procedure. 

Moreover, real time monitoring of PCR permits far more accurate quantitation of starting 
target DNA concentrations in multiple-target amplifications, as the relative values of close 
concentrations can be resolved by taking into account the history of the relative concentration 
values during the PCR. Real time monitoring also permits the efficiency of the PCR to be 
evaluated, which can indicate whether PCR inhibitors are present in a sample. 
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Holland et al (cited above) and others have proposed fluorescence-based approaches to 
provide real time measurements of amplification products during PGR. Such approaches have 
either employed intercalating dyes (such as ethidium bromide) to indicate the amount of double 
stranded DNA present, or they have employed probes containing fluorescer-quencher pairs (the 

5 so-called "Tac-Man" approach) that are cleaved during amplification to release a fluorescent 
product whose concentration is proportional to the amount of double stranded DNA present. 

Unfortunately, successful implementation of these approaches has been impeded because 
the required fluorescent measurements must be made against a very high fluorescent 
background. Thus, even minor sources of instrumental noise, such as the formation of 

10 condensation in the chamber during heating and cooling cycles, formation of bubbles in an 
optical path, particles or debris in solution, differences in sample volumes-and hence, 
differences in signal emission and absorbance, and the like, have hampered the reliable 
measurement of the fluorescent signals. 

Co-owned patent application Publication No. WO 9530139 describes an apparatus that 

15 provides stable and reliable real time measurement of fluorescent indicators of amplification 
products resulting firom any of the available nucleic acid amplification schemes. This apparatus 
operates by directing into a fluorescent mixture an excitation beam having appropriate energy 
to excite the fluorescent centers present in the mixture. The present invention is directed to 
an improvement of this apparatus which includes using a reaction tube that reduces background 

20 fluorescence measured from a test sample by reducing the amount of exogenous flourescence 
that enters the tube from outside sources such as contamination present in the apparatus tube- 
holder. As particularly described herein, the tube is a plastic consumable tube having an 
irregular or roughened outer surface that deflects or diffuses incident fluorescence emissions 
emanating firom outside the tube. However, it is also preferable that the tube remain 

25 sufficiently clear to permit the human user to visualize fluid volume contained in the tube. 
Moreover, the tube may be sealable and provide a limited transparent window region to allow 
transmittance of an excitation beam to a sample held in the tube. 

While the described tube is particularly suited for use in a PCR monitoring apparatus, 
such as that described in co-owned patent application Publication No. WO 9530139, it can be 

30 appreciated that such tubes are also suited for use in other instruments in which detection of 
light emissions is measured, and particularly those in which such measurement is carried out 
in a "plate-reader" format. 



Summary of the Invention 
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The invention includes, in one aspect, a fluorescence monitoring apparatus for measuring 
fluorescent emission from a sample in response to sample irradiation by an emission beam. 
The apparatus has an excitation beam source capable of directing an excitation beam into the 
sample, a tube-holder having a wall portion capable of supporting a tube, a tube for holding 
S the sample, and a detector capable of detecting fluorescent emissions from the sample in the 
tube. The tube, which is typically formed of polycarbonate or polypropylene, is textured in 
the region of the tube supported by said tube-holder wall ponion. The textured region is 
characterized by a surface roughness and peak density effective to significantly reduce back- 
ground fluorescence detected by the detector in response to fluorescence emission related to 

10 contamination on the tube holder wall portion. 

In a preferred embodiment, the tube has a textured outer surface characterized by a peak 
density of between about 50 and 500 peaks/0.5 inch line, more preferably 200 and 500 
peaks/0.5 inch line. Also in a preferred embodiment, the surface roughness is characterized 
by an average depth of 0.0002 and 0.003 inch, more preferably less than 0.001 inch. 

IS In a related aspect the invention includes a method for reducing fluorescence background 

in a fluorescence monitoring apparatus designed for detecting fluorescent emission from a 
sample contained in a tube, where the tube is supported by wall portions of a tube-holder in 
the apparatus. The method includes texturing the surface region of the tube supported by the 
wall portion to produce a surface roughness effective to significantly, reduce background 

20 fluorescence detected by the apparatus in response to fluorescence emission related to 
contamination on the tube holder wall portion. — 

In one general embodiment, the surface texturing is produced by casting the tube in a 
mold having an etched mold surface. In another embodiment, the outer surface region of the 
tube is abraded, e.g., by treatment with abrasive paper, to form the desired roughness 

25 characteristics, as above. 

These and other objects and features of the invention will become more fully apparent 
when the following detailed description of the invention is read in conjunction with the 
accompanying drawings. 

30 Brief Description of the Figures 

FIG. 1 diagrammatically illustrates the sample interface components of the apparatus of 
the invention, including the improved reaction vessel; 
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FIG. 2 diagrammatically illustrates an apparatus of the invention configured for 
simultaneous monitoring of a plurality of amplification reactions by sequentially interrogating 
reactions via a fiber optic multiplexer; 

FIG. 3A shows a side view of an optical tube in accordance with the invention; 
5 FIG. 3B shows a cross-sectional view of the tube illustrated in FIG. 3 A; 

FIG. 4 shows an emission spectra measured from a moderately contaminated well in a 
ATC apparatus fitted with various tubes; 

FIG. 5 shows an emission spectra measured from a highly contaminated well in a ATC 
apparatus fitted with various tubes; 
10 FIG. 6 shows spectrally separated fluorescent intensity data for a tetramethylrhodamine 

fluorescent indicator, a fluorescein fluorescent indicator, and instrument background registered 
by a CCD array of the preferred embodiment described below; 

FIG. 7 shows the time dependence of fluorescent signals from a fluorescein dye 
proportional to the amplification product (furst fluorescent indicator) and a 
15 tetramethylrhodamine dye employed as a second fluorescent indicator during a typical PGR; 

FIG. 8 shows the cycle dependence of the ratio of the intensities of the fluorescein and 
tetramethylrhodamine dyes from the same PGR whose time dependent data is shown in Figure 
6; and 

FIG. 9 shows data relating the amount of amplification product to cycle number in 
20 separate PCRs having different starting concentrations of the same target nucleic acid. 

Detailed Description of the Invention 

I. Definitions 

As used herein, the term "stable" in reference to a fluorescent signal means that the root 
25 means square (RMS) deviation in the signal due to noise is less than or equal to two percent 
of the average signal magnitude. More preferably, stable means that the RMS deviation in the 
signal due to noise is less than or equal to one percent of the average signal magnitude. 

-Roughness" is a measure of peak-to-valley distances on a surface, and is commonly 
expressed as arithmetic average value of absolute distances above and below a reference plane 
30 along a line. A related measure of roughness is the average depth of the valleys forming the 
texture below a surface plane. 

Another surface-texture property is "summit density" or "peak density", which provides 
a measure of peak density in a given surface area. Bodi roughness and peak density can be 
measured using a profilometer. 
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II. Real Time Detection Apparatus 
A. Apparatus 

The invention includes a fluorescence-based apparatus for monitoring in real time the 
5 progress of a nucleic acid amplification reaction, as described in co-owned patent application 
Publication No. WO 9530139, incorporated herein by reference. The type of amplification 
scheme used with the apparatus is not critical, but generally the apparatus requires either the 
use of a nucleic acid polymerase with exonuclease activity or a population of double stranded 
DNA which increases durmg the course of the reaction being monitored. Exemplary 
10 amplification schemes that may be employed with the apparatus of the invention include PGR, 
ligase-based amplification schemes, such as ligase chain reaction (LCR), Q-beta replicase-based 
amplification schemes, strand displacement amplification (SDA) schemes, such as described by 
Walker et al., and the like. A comprehensive description of nucleic acid amplification schemes 
is provided by Keller and Manak,- DNA Probes, Second Edition (Stockton Press, New York. 
15 1993). Fundamental to the apparatus is the measurement of ratios of fluorescent intensities of 
a first fluorescent indicator and an internal standard, referred to herein as a second fluorescent 
indicator. The first and second fluorescent indicators must be spectrally resolvable. That is, 
their respective emission spectra must be sufficiently non-overlapping so that separate emission 
peaks are observed in the combined spectrum. Clearly, the apparatus may be generalized to 
20 include a plurality of first fluorescent indicators, e.g. to monitor the simultaneous amplification 
of several target nucleic acids in a single reaction, so that a plurality of fluorescent intensity 
ratios are monitored. Several spectrally resolvable dyes suitable for use in such embodiments 
are disclosed in Fung et al., U.S. patent 4,855,225; Menchen et al., U.S. patent 5,188,934; 
Bergot et al.. International Application PCT/US90/05565; and like references. 
25 The apparatus includes an excitation beam source capable of directing an excitation beam 

into a sample. Preferably this beam source is part of a sample interface— that is, optical 
components operationally associated with a closed reaction chamber which comprises a lens for 
focusing an excitation beam into the reaction mixture and for collecting the resulting 
fluorescence and a fiber optic for transmitting both the excitation beam from a light source to 
30 the lens and the fluorescent signals from the lens to a detection and analysis means. 

Preferably, the reaction mixture is contained in a closed reaction chamber, such as a closed 
tube, to prevent cross-sample contamination, or so-called "carryover." The lens focuses the 
excitation beam and collects fluorescence through a portion of a wall of the closed reaction 
chamber. 
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As mentioned above, the preferred reaction chamber is a tube. e.g. having the geometry 
of a conventional 200 ^1 "Eppendorf™" tube. The tube may closed after the reaction mixture 
is added by attaching a cap to the open end of the tube. In a preferred embodiment of the 
sample interface for PCR, the lens directs the excitation beam and collects fluorescence through 
5 a clear opening in the tube, illustrated as a clear cap in FIG. 1. According to an important 
aspect of the present invention, the reaction tube is manufactured to have optical characteristics 
which reduce background readings. This aspect of the invention is described in detail in Part 
B, below. 

In the embodiment illustrated in FIG. 1. a first end fiber optic 2 is held by ferrule 4, 
10 housing 6, and plate 10 in a co-axial orientation with lens 8. A second end of fiber optic 2 (not 
shown) is operationally associated with a light source and detection and analysis means, 
discussed more fiilly below. The distance between the end face of fiber optic 2 and lens 8 is 
determined by several factors, including the numerical aperture of the fiber optic, the geometry 
of tube 18, the focal length of lens 8. the diameter of lens 8, and the like. Guidance for 
15 selecting values for such variables in any particular embodiment is readily found in standard 
texts on optical design, e.g. Optics Guide 5 (Melles Griot, Irvine, CA, 1990), or a like 
reference. In the illustrated embodiment, lens 8 has a diameter of 8 mm and is composed of 
material BK7, available from Edmund Scientific (Barrington NJ). Fiber optic 2 has a 
numerical aperture of 0.2. Preferably, the design permits maximal transmission of excitation 
20 beam 28 to reaction mixture 22. For example, lens 8, numerical aperture of fiber optic 2, and 
the distance between the end of fiber optic 2 and lens 8 are selected so that the diameter of lens 
8 equals or exceeds the diameter of excitation beam 28 where beam 28 impinges on the lens 
(as illustrated in FIG. 1). Excitation beam 28 is focused through cap 16 of tube 18, void 24, 
and top surface 26 of reaction mixture 22 to a region approximately 1-3 times the diameter of 
25 the fiber optic just below, e.g. 1 -3 mm, surface 26. Tube 22 is positioned in tube-holder 23. 
This degree of focusing is not a critical feature of the embodunent; it is a consequence of 
adapting the sample interface to the geometry and dimensions of a sample holder of a 
commercially available thermal cyder. In odier embodiments, the geometry and dimension may 
permit a sharper focus into the reaction mixture. 
30 The lens of the apparatus may have a variety of shapes depending on particular 

embodiment and desired geometry of the sample to be tested. For example, the lens may be 
a sphere, truncated sphere, cylinder, truncated cylinder, oblate spheroid, or truncated oblate 
spheroid, or the like, and may be composed of any suitably transparent refractive material. 



wo 97/21089 




PCT/US96/I9238 



8 



such as disclosed by Hlousek U.S. patent 5,037,199; Hoppe et al., U.S. patent 4,747,87; 
Moring et al., U.S. patent 5,239,360; Hirschfield, U.S. patent 4,577,109; or like references. 

With continued reference to FIG. 1, emitted fluorescent light given off by reaction 
mixture 22 in response to excitation beam 28 is collected by lens 8 along approximately the 
5 same optical pathway as that defmed by excitation beam 28. The emitted light is focused onto 
the end of fiber optic 2 for transmission to optical separation and analysis components of the 
apparatus, discussed below. The beam source and focusing components just described are also 
referred to herein as an excitation beam source capable of directing an excitation beam into a 
sample. 

10 In a preferred embodiment, the sample interface also includes means for heating the 

portion of the wall of the reaction chamber used for optical transmission, in order to reduce 
variability due to scatter and/or absorption of the excitation beam and signal from condensation 
of reaction mixture components. In the embodiment shown in FIG. 1, the portion of the 
reaction chamber (tube 18) wall used for optical transmission is tube cap 16. Accordingly, 

15 heating element 12 and heat-conductive platen 14 are employed to heat cap 16. Preferably, 
heating element 12 comprises resistance heating dements and temperature sensors that permit 
progranuned controlled of the temperature of cap 16. Cap 16 is maintained at a temperature 
above the condensation points of the components of the reaction mixture. Generally, cap 16 
may be maintained at a temperature in the range of 94-1 10* C. Preferably, cap 16 is 

20 maintained at a temperature in the range of about 102 'C to about 105 *C, since the principal 
solvent in the reaction mixture is usually water. More preferably, cap 16 is maintained at 
103X. Preferably, in embodiments employing thermal cycling, the cap heating components 
described above are thermally isolated from heating-conducting block 20 employed to cyclically 
control the temperature of reaction mixture 22. Block 20 defines one or more tube holders, 

25 each having a wall portion, such as holder 21 having wall portion 23, capable of supporting 
a tube, such as tube 18. As will be described below, the wall portion of the tube holder may 
have surface contaminants which can cause spurious fluorescence emission in the apparatus. 

Selection of appropriate materials for the components described above is well within the 
skill of an ordinary mechanical engineer. Exemplary criteria for material selection include (i) 

30 degree of thermal expansion, especially for amplification schemes employing thermal cycling, 
and its effect on the alignment of the optical components, (ii) optical transmission properties 
in the excitation wavelengths and fluorophore emission wavelengths employed, (iii) chemical 
inertness of the reaction chamber relative to components of the reaction mixture, (iv) degree 
to which critical reaction components, e.g. polymerases, target nucleic acids, would tend to 
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adsorb onto chamber walls, (v) minimization of fluorescent materials in the optical pathway, 
and the like. Typically, tubes containing amplification reaction mixtures are made of 
polypropylene, polycarbonate or like materials. 

The sample interface shown in FIG. 1 may be employed individually or it may be 

5 employed as one of a plurality of identical interfaces in a single instrument, as shown 
diagrammatically in FIG. 2. In the illustrated embodiment, individual sample interfaces 31, 
arrayed in tube-holder 29 in block 30 (which may, for example, be a heating block associated 
with thermal cycler 32, such as described in Mossa et al., European patent application No. 
91311090.4, publ. No. 0488769 A2) are comiected by fiber optics 34 to fiber optic multiplexer 

10 36, which selectively permits transmission between individual fiber optics and port 35, e.g 
under user control via a programmed microprocessor. 

In a preferred configuration, excitation beam 41, generated by light source 52 and 
controller 54, passes through beam splitter 40 and is focused onto port 35 by lens 38, where 
it is sequentially directed by fiber optic multiplexer 36 to each of a predetermined set, or 

15 subset, of fiber optics 34. Conversely, with reference to the sample interface shown in FIG. 
1, fluorescent signals generated in the reaction chambers are collected by lens 8 and focused 
onto a fiber optic which, in turn, transmits the signal to a detection and analysis means, 
possibly via a fiber optic multiplexer. Returning to FIG. 2, a fluorescent signal collected by 
a sample interface is directed to fiber optic multiplexer 36 where it emerges through port 35 

20 and is collected and collimated by lens 38. Lens 38 directs the fluorescent signal to beam 
splitter 40 which, in turn, selectively directs the signal through cut-off filter 42, which prevents 
light from the excitation beam from reaching the signal detection components. Beam splitter 
40 may be a conventional dichroic mirror, a fully reflective mirror with an aperture to pass the 
excitation beam (e.g. as disclosed in U.S. patent 4,577, 109), or like component. After passing 

25 through cut-off filter 42, the fluorescent signal is directed by lens 44 to a spectral analyzer 
which spectrally separates the fluorescent signal and measures the intensities of a plurality of 
the spectral components of the signal. Typically, a spectral analyzer comprises means for 
separating the fluorescent signal into its spectral components, such as a prism, diffraction 
grating, or the like, and an array of photodetectors, such as a diode array, a charge-coupled 

30 device (CCD) apparatus, an array of bandpass filters and photomultiplier tubes, or the like. 
In the preferred embodiment shown in FIG. 2, the spectral analyzer comprises diffraction 
grating 46 (e.g., model CP-140, Jobin-Yvon, NJ) and CCD array 48 (e.g., model S2135 
Princeton Instruments, NJ), which is linked to CCD controller 50. 
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An exemplary CCD array suitable for analyzing fluorescent signal from fluorescein and 
tetramethylrhodamine is partitioned into 21 collection bins which span the 500 nm to 650 nm 
region of the spectrum. Each bin collects light over an 8.5 non window. Persons skilled in die 
art will recognize that many alternative configurations may also be employed to achieve 
5 substantially the same end result. An exemplary application of a CCD array for spectral analy- 
sis is described by Karger et al,. Nucleic Acids Research, 19: 4955 21962 (1991). The 
components described above for detecting fluorescence emission from the samples in the tubes 
are also referred to herein, collectively, as detection means. 

Analyzing the fluorescent signal based on data collected by a spectral analyzer is 
10 desirable since components of the signal due to one or more first fluorescent indicators and a 
second fluorescent indicator can be analyzed simultaneous to calculating intensity ratios without 
introducing wavelength-specific apparatus variability that might arise, e.g. by misalignment, 
in a apparatus based on multiple beam splitters, filters, and photomultiplier tubes. Also, a 
spectral analyzer permits the use of "virtual filters" or the programmed manipulation of data 
15 generated from the array of photo-detectors, wherein a plurality of discrete wavelength ranges 
are sampled -in analogy with physical bandpass filters- under programmable control via an 
associated microprocessor. This capability permits a high degree of flexibility in the selection 
of dyes as first and second fluorescent indicators. 

Generally, the detection and analysis means may be any detection apparatus that provides 
20 a readout that reflects the ratio of intensities of the signals generated by the first and second 
fluorescent indicators. Such apparatuses are well know in the art, as exemplified by U.S. 
patents 4,577,109 and 4,786,886 and references such as The Photonics Design & Applications 
Handbook, 39th Edition (Laurin Publishing Co., Pittsfield, MA, 1993). 

Preferably, the apparatus of the invention is employed to monitor PCRs, although it may 
25 also be employed with a variety of "other amplification schemes, such as LCR Descriptions of 
and guidance for conducting PCRs is provided in an extensive literature on the subject, e.g. 
including Innis et al (cited above) and McPherson et al (cited above). Briefly, in a PCR, two 
oligonucleotides are used as primers for a series of synthetic reactions that are catalyzed by a 
DNA polymerase. These oligonucleotides typically have different sequences and are 
30 complementary to sequences that (i) lie on opposite strands of the template, or target, DNA and 
(ii) flank the segment of DNA that is to be amplified. The target DNA is first denatured by 
heating in the presence of a large molar excess of each of the two oligonucleotides and the four 
deoxynucleoside triphosphates (dNTPs). The reaction mixture is then cooled to a temperature 
that allows the oligonucleotide primers to anneal to their target sequences, after which the 
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annealed primers are extended widi DNA polymerase. The cycle of denaturation. annealing, 
and extension is then repeated many times, typically 25-35 times. Because the products of one 
round of amplification serve as target nucleic acids for the next, each successive cycle 
essentially doubles the amount of target DNA, or amplification product. 
5 As mentioned above an important aspea of the invention is the fluorescent dyes used as 

the first and second fluorescent indicators. By examining the ratio of the fluorescent intensities 
of the indicators, the effects of most sources of systematic variability, which would be apparent 
in the intensities alone, are eliminated. Generally, in accordance with the invention, the first 
fluorescent indicator may be a complex forming dye or a dye covalenUy attached to an 
10 oligonucleotide probe which is degraded during polymerization steps to generate a signal . This 
later embodiment relates to the so-called "Tacman" approach, described by Holland et al., 
Proc. Natl. Acad. Sci., 88: 7276-7280 (1991). As used herein, the term "complex-forming" 
in reference to a dye means that the dye is capable of forming a stable non-covalent complex 
with either double stranded or triple stranded nucleic acid structures, usually DNA. and that 
15 the dye's fluorescent characteristics are substantially different in the complexed state as 
compared to a non-complexed, i.e. usually free-solution, state. Preferably, the quantum 
efficiency of fluorescence of a complex-forming dye is enhanced in the complexed state as 
compared to die free-solution state, thereby resulting in enhanced fluorescent upon complex 
formation. Exemplary complex-forming dyes include ethidium bromide, propidium iodide, 
20 thiazole orange, acridine orange, daunomycin. mepacrine. 4',6'diaminidino-2-phenylindole 
(DAPl). oxazole orange, bisbenzimidaxole dyes, such as Hoechst 33258 and Hoechst 33342, 
and heterodimers of various intercalating dyes, such as ethidium. acridine, thiazolium, and 
oxazolium dyes (known by their acronyms POPRO. BOPRO, YOPRO, and TOPRO). and like 
dyes, which are described in the following references: Haugland, pgs. 221-229 in Handbook 
25 of Fluorescent Probes and Research Chemicals, 5th Edition (Molecular Probes, Inc. , Eugene, 
1992); Glazer et al., Proc. Natl. Acad. Sci., 87: 3851-3855 (1990); Srinivasan et al.. Applied 
and Theoretical Electrophoresis, 3: 235-239 (1993); Kapuscinski et al.. Anal. Biochem., 83: 
252-257 (1977); Hill, Anal. Biochem., 70: 635638 (1976); Setaro et al.. Anal. Biochem., 71: 
313-317 (1976); Latt et al., J. Hlstochem. Cytochem., 24:24-33 (1976); andRyeetal., Nucleic 
30 Acids Research, 20: 2803-2812 (1992). Preferably, when complex-forming dyes are employed 
as first fluorescent indicators, such dyes are selected from the group consisting of thiazole 
orange, ethidium bromide, and TOPRO. 

Dyes employed as second fluorescent indicators include fluorescent dyes whose 
fluorescent characteristics are substantially unaffected by the presence or association with 
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nucleic acids, particularly double stranded DNA. Such dyes may include virtually any 
fluorescent dye fulfilling this criterion which is also spectrally resolvable from the first fluores- 
cent indicator employed in the particular reaction. Preferred second fluorescent indicators 
include rhodamine dyes and fluorescein dyes. More preferably, the second fluorescent 
5 indicator is tetramethylrhodamine or 2*,4',5%7\teirachloro-4,7-dichlorofluorescein. the latter 
being disclosed by Menchen et al., U.S. patent 5,188,934. 

In a preferred embodiment, a first fluorescent indicator and a second fluorescent indicator 
are both covalently attached to an oligonucleotide probe as described by Lee et al.. Nucleic 
Acid Research, 21: 3761-3766 (1993). More specifically, fluorescein is used as the first 

10 fluorescent indicator and tetramethylrhodamine is used as the second fluorescent indicator such 
that the tetramethylrhodamine moiety substantially quenches any fluorescent emissions by the 
fluorescein moiety. Thus, when both dyes are attached to the same oligonucleotide, only the 
tetramethylrhodamine is capable of generating a fluorescent signal. When the oligonucleotide 
. is cleaved, e.g. via the 5*-> 3* exonuclease activity of a DNA polymerase, separating the two 

IS dyes, the. fluorescein becomes capable of generating a fluorescent signal. Preferably, in this 
embodiment, the excitation beam is generated from the 488 nm emission line of an argon ion 
laser. In accordance with the invention, in a PCR the production of "free" fluorescein in this 
embodiment is proportional to the amount of DNA synthesis catalyzed by the DNA polymerase 
employed, and hence, the amount of amplification product. In this embodiment, preferably the 

20 first fluorescent indicator is fluorescein, e.g. 6-FAM (available from Applied Biosystems, 
Foster City), and the second fluorescent indicator is either tetramethylrhodamine or 
2*,4\5',7\tetrachloro-4,7-dichlorofluorescein. 

Such oligonucleotide probes of the invention can be synthesized by a number of 
approaches, e.g. Ozaki et al.. Nucleic Acids Research, 20: 5205-5214 (1992); Agrawal et al., 

25 Nucleic Acids Research, 18: 5419-5423 (1990); or the like. Preferably, the oligonucleotide 
probes are synthesized on an automated solid phase DNA synthesizer using phosphoramidite 
chemistry, e.g. Applied Biosystems, Inc. model 392 or 394 DNA synthesizer (Foster City, 
CA). The first and second fluorescent indicators can be covalently attached to predetermined 
nucleotide of an oligonucleotide by using nucleoside phosphoramidite monomers containing 

30 reactive groups. For example, such reactive groups can be on a phosphate, or phosphate 
analog, e.g. Agrawal et al (cited above), on the 5' hydroxyl when attachment is to the 5' 
terminal nucleotide, e.g. Fung et al., U.S. patent 4,757,141 or Hobbs Jr., U.S. patent 
4,997,928, and on base moieties, e.g. as disclosed by Ruth, U.S. patent 4,948,882; 
Haralarnbidis et al.. Nucleic Acids Research, 15: 48 < 7-4876 (1987); Urdea et al.. U.S. patent 
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5,093,232; Cruickshank U.S. patent 5,091,519; Hobbs Jr. et al., U.S. patent 5,151,507; or 
the like. Most preferably, nucleotides having pyrlmidine moieties are derivatized. In further 
preference, the 3* terminal nucleotide of the oligonucleotide probe is blocked or rendered 
incapable of extension by a nucleic acid polymerase. Such blocking is conveniently carried out 
5 by the attachment of a phosphate group, e.g. via reagents described by Horn and Urdea, 
Tetrahedron Lett., 27: 4705 (1986), and commercially available as 5" Phosphate-ONIM from 
Clontech Laboratories (Palo Alto, California). Preferably, the oligonucleotide probe is in the 
range of 15-60 nucleotides in length. More preferably, the oligonucleotide probe is in the range 
of 18-30 nucleotides in length. 

10 The separation of the first and second fluorescent indicators within the oligonucleotide 

probe can vary depending on the nature of the first fluorescent indicator and second fluorescent 
indicator, the manner in which they are attached, the illumination source, and the like. 
Guidance concerning the selection of an appropriate distance for a given embodiment is found 
in numerous references on resonant energy transfer between fluorescent molecules and 

15 quenching molecules (also sometimes referred to as "donor" molecules and "acceptor" 
molecules, respectively), e.g. Stryer and Haugland, Proc. Natl. Acad. Sci., 58: 719-726 
(1967); Clegg, Meth. Enzymol., 211: 353-388 (1992); CarduUo et al., Proc. Nad. Acad. Sci., 
85: 8790-8794 (1988); Ozaki et al (cited above); Haugland (cited above); Heller et al., Fed. 
Proc, 46: 1968 (1987); and the like. The first and second fluorescent indicators must be close 

20 enough so that substantially all, e.g. 90%, of the fluorescence from the first fluorescent 
indicator is quenched. Typically, for energy transfer-based quenching, the distance between the 
first and second fluorescent indicators should be within the range of 10-100 angstroms. 
Preferably, the first and second fluorescent indicators are separated by between about 4 to 10 
nucleotides, and more preferably, they are separated by between 4 and 6 nucleotides, with the 

25 proviso that there are no intervening secondary structures, such as hairpins, or the like. 
Preferably, either the first or second fluorescent indicator is attached to the 5* terminal 
nucleotide of the oligonucleotide probe. 

Clearly, related embodiments of the above may be employed wherein the first fluorescent 
indicator is attached to an oligonucleotide probe with another non-fluorescent quenching 

30 molecule, instead of a second fluorescent indicator. In such embodiments, the second 
fluorescent indicator could be virtually any spectrally resolvable fluorescent dye that did not 
interact with the amplification products. 

B. Reaction Chamber 
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An important feature of the present invention is the provision in the fluorescent detection 
apparatus of a reaction chamber that is designed to reduce spurious fluorescence from outside 
sources. As stated above, reproducible and accurate results in the present apparatus depend 
on low levels of background flourescence. This is particularly important in conflgurations of 

5 the apparatus that include multiple sample wells, as in the embodiment described in FIG. 2. 
Fluorescing contamination, such as flakes of skin or hairs present in the tube-holders, can add 
differential increments to the background measured in each reaction chamber. Moreover, as 
is shown below, such background is not constant over the fluorescence spectrum measured, but 
rather has a characteristic peak fluorescence emission that varies according to the contamination 

10 source. While such differential background can be subtracted by measuring a "blank" spectrum 
for each tube, it significantly reduces the signal-to-noise ratio. 

The need for reduction of background fluorescence is particularly important in the 
context of an analytical thermal cycler (ATC) apparatus, as described above and in co-owned 
patent application Publication No, WO 95301 39. This apparatus combines thermal cycling with 

15 optical real time detection of DNA amplification during PGR in a "plate reader" format, so that 
multiple tubes are cycled and monitored simultaneously. It has been found that tube-holder 
contamination sudi as from spilled sample or skin flakes can add intensity to individual signals. 

In experiments carried out in support of the present invention, it has been found that 
20 background attributable to contamination within the tube-holder can be significantly reduced 
by carrying the reaction out in a tube that is textured in the region supported by the tube-holder 
walls. In the context of the present invention "texturing" implies surface characteristics that 
impart cloudy or translucent optical uansmission properties to the tube, and that can be defined 
surface roughness and peak density properties. 
25 More specifically, the surface roughness and peak density properties of the tube are such 

as to significantly reduce background fluorescence detected by the detector in the above 
apparatus, in response to spurious, background fluorescence emission related to contamination 
on the tube holder wall portion. As will be seen below, surface roughness, measured by 
average depth of "valleys" forming the texture, is preferably 0.0002 to 0.003 inch (0.2 to 3 
30 mils) and more preferably, less than 0.001 inch (1 rail). Preferred peak density is 50 to 500 
peaks/0.5 inch line, more preferably 200-500 peaks/0.5 inch line. Surface roughness 
characteristics can be measured by conventional methods. For example, peak density, 
expressed as peaks/0.5 line inch, and average valley depth, measured in inches, can be 
measured using a profilometer device, such as a Hommel T-1000 Profilometer (Tubingen, 
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Germany), in which a stylus is run over the surface. In the context of the present invention, 
such profilometer measurements may be difficult to make, since the preferred tubes are both 
curved and small. However, it will be appreciated that an estimate of the texture of a tube 
used in the present invention can be made by forming a flat textured surface from an analogous 
5 mold or forming a flat surface texture by an analogous process to that process used to form the 
tube texture, then measuring the resultmg peak and valley profile, as discussed above. This 
measurement will provide an estimate of the roughness or texturing parameters of the mbe. 

It is appreciated that such background emission could also be eliminated by employing 
10 a completely opaque tube, i.e., not capable of transmitting light, to serve the objective of 
substantially reducing background emissions; however, for the particular purpose of using the 
tubes for reaction mixtures, the translucent feature provides the advantage that the presence of 
sample or reaction mixture in the tube can be visually or electronically monitored. TransLoit 
or textured tubes made in accordance with the present invention significantly reduce 
15 background fluorescence in comparison to the background fluorescence measured from a 
comparable clear tube or from the sample well itself. 

Generally, mbes formed in accordance with the present invention will be molded from 
plastic, such as polypropylene or polycarbonate. These plastics are commonly used in PCR 
analysis, because they are inert and do not promote non-specific binding of biological samples. 
20 However, it is appreciated that any material having the general optical and chemical properties 
described above will be appropriate for use in forming such tube. 

The entire tube may be textured to adapt to a variety of sample holder configurations; 
however, the textured portion of the tube will be at least that portion that is in contact with the 
sample portion of the tube. Minimally, the textured portion will include any regions from 
25 which external fluorescence can be detected, according to the geometry of the detection means 
present in the fluorescence monitoring apparanis in which the tube is used. 

The textured region of die tube can be formed in one or more of a number of means. 
Results from experiments carried out in support of the present invention using tubes having 
textured regions formed by different methods are provided in Tables 1 and 2 below. Each tube 
30 was placed in an empty well of an analytical thermal cycler (ATC) having multiple reaction 
chambers as described above. The data shown in Table 1 are from tubes were placed in a well 
(well 51) known to be moderately contaminated with fluorescing contamination. A 
fluorescence spectrum taken of the well indicated that the fluorwcence maximum for the 
contamination was at the bin 12 region of the CCD sampling device of the ATC. This region 
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represents light of a wavelength of about 544 nm- At this region, the empty well fluoresced 
1300 A/D units of light (an AJD unit is a relative unit of fluorescent light intensity; any units 
can be used in such measurements, so long as they form a continuum between appropriate 
blank (closed shutter darkness) and 100% transmittance values). . Test sample tubes were 
S individually placed in the well and light emission recorded. Values obtained are shown in 
Table 1 as Average Signal Intensity relative to a closed shutter condition in which no excitatory 
light was transmitted to the mbe and as percent Transmitted Light, where 100% is defmed by 
the amount of light emitted by the well in the absence of the tube. 

Table 2 shows transmission values from a well (well 50) known to be highly 
10 contaminated (2769 A/D units of light in the absence of a tube). Tables 1 and 2 show that 
standard pol3rpropylene tubes either slightly enhanced transmission of light from contamination 
sources (Table 1) or slightly reduced it (Table 2), depending on the amount of contamination 
present. 

As shown by the data presented in Tables 1 and 2, various texturing means are effective 
15 to produce texturing characteristics that significantly block emissions of light emanating from 
contaminated sources in the wells. For comparative purposes, a tube made translucent by 
inclusion of titanium dioxide in the polypropylene during polymerization of the polymer 
forming the region was also tested. Such tubes were more effective than clear tubes in 
reducing contamination-source light transmissions (Table 2), but less effective than texmred 
20 tubes. 



Table 1 



Tube/Condition 


Average Signal Intensity 
(A/D units & bin 12) 
(Values Adjusted so Shutter Shut = 0) 


Percent Transmitted 
Light 


Shutter Shut 


0 


0% 


Chemical Etched Texture 


901 


69% 


EDM Etched Texture 


1038 


80% 


Sandpaper Roughened 


1143 


88% 


Titanium Dioxide Filled 


1322 


102% 


Clear Tubes 


1482 


114% 


Empty Well 


1300 


100% 
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Table 2 



Tube/Condition 


Average Signal Intensity 
(A/D units ® bin 12) 
/^ValtiM AdiuQted so Shutter Shut = 0) 


Percent Transmitted 
Ught 


Shutter Shut 


0 


0% 


Chemical Etched Texture 


1393 


50% 


EDM Etched Texture 


1584 


51% 


Sandpaper Roughened 


1603 


58% 


Titanium Dioxide Filled 


1855 


67% 


Clear Tubes 


2272 


82% 


Empty Well 


2769 


100% 



35 



Without committing to an underlying mechanistic theory for the invention, it is noted that such 
texturing scatters light impinging upon the surface of the tube, and prevents or reduces the 
amount of light that is directed to the tube interior from outside sources within the tube-holder. 

There are a number of ways of creating texttire on the surface of the tube to effect the 
desired reduction in background fluorescence. In one general embodiment, a molded tube may 
be cast in a textured mold, which then imparts to the tube a textured, irregular surface. Means 
for making a textured mold are well known in the art, but generally involve etching the mold, 
by chemical or physical means, such as discussed below. 

Representative etching means include bead blasting of the mold cavity, electron discharge 
machining of the mold cavity and chemical etching of the mold cavity. It should be noted that 
all these means are preferably carried out on the mold surface in such a way as to produce 
texturing on the exterior surface of the tube. Although texturing of the interior surface of the 
tube will also reduce transmission of li^t from external fluorescent sources, such interior 
texmring is less desirable in the context of the present invention, since it may interfere with the 
reaction or with the ability to quantitatively remove the reaction mixture from the tube. 

Etched metal molds suitable for forming textured tubes are made in a number of ways. 
One conventional means for creating such a mold is to "bead blast" the cavity of the mold. 
This process removes small pockets of metal from the mold surface by hitting the surface with 
high velocity particles, such as particles of sodium bicarbonate (baking soda). 

An etched mold surface can also be formed by an electron discharge machining (EDM) 
procedure that removes small pockets of metal from the mold by bombarding it with arcs of 
electricity. As shown in Tables 1 and 2, using such a procedure, light emitted from the 
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contamination in the well was reduced by 20% in the moderately contaminated well and by 
43% in the highly contaminated well. 

The mold may also be etched by chemical etching means. Generally, according to 
methods well known in the molding arts, a mask is placed on the moid surface in the area of 
5 texture. The mold is then dipped into an acid bath which removes metal from ±e unmasked 
areas. This process may be used to produce a highly dense irregular surface pattern on the 
mold surface. This is a particularly effective and controlled means of producing an outer tube 
texture, in accordance with the present invention. 

Mold Tech (Roehien lndustrles» Walnut, CA) produces by chemical etching a texture 

10 having a specified average thickness as wdl as defmed peaks and valleys. Such textures are 
well known in the art and are best characterized by their Mold Tech Pattern specification 
numbers, which are considered industry standards. Table 3 lists a number of exemplary Mold 
Tech patterns that have been used to form texturing on tubes in accordance with the present 
invention. The MT-11000 (MT-11003 to MT-11005) series texturing patterns is created by 

IS blasting a metal mold with a defined size of grit, such as aluminum oxide. The MT-IOSS 
series is created by acid etching. 

Table 3 



Mold Tech Pattern Specification 


Average Deptii of Etch 


MT-11003 


.000195 inch 


MT-1 1004 


.000267 inch 


MT-1 1005 


.000477 inch 


MT-1 1006 


.001002 inch 


MT-11007 


.001468 inch 


MT-1 055-2 


.00063 inch 


MT-1 055-3 


.00072 inch 


MT-1055^ 


.00093 inch 


MT-1 055-5 


.00097 inch 


MT-1055 


.00145 inch 



30 As shown from the data presented in Tables 1 and 2, tubes from chemically etched molds 

(MT-1055-5) produced significant reductions in contamination emissions from moderately (31 % 
reduction) and highly (50% reduction) contaminated wells. As discussed above, while it is 
difflcult to precisely measure texturing characteristics of these patterns in the context of the 
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small tubes prepared for use in the embodiment illustrated, an good estimate of their parameters 
can be made by preparing analogous flat surfaces using the same mold treatment method, and 
measuring the average peak density and average valley depth of such surfaces. The MT-1055-5 
texture has a peak density of 88 peaks/0.5 inch line and an average thickness (depth of etch) 
5 of 0.00097 inch. Other particularly efficacious tubes have been formed from MT-11005, 
having a peak density of 379 peaks/0.5 inch line and an average thickness of 0.000477 inch, 
and MT-11006, having a peak density of 283 peaks/0.5 inch line and an average thickness of 
0.001002 inch. More generally, it is appreciated that a texture having a peak density of 
between about 50 and 500 peaks/0.5 inch line and an average thickness of between about 
10 0.0002 and 0.003 inch will be preferred for use in the invention. More particularly, preferred 
molding patterns for use in PGR reactions have peak densities at the higher end of the range 
(200-500 peaks/0.5 inch line) and have thicknesses between 0.0004 and 0.001 inch to maximize 
both depth and heat transfer. 

In another general embodiment, the texturing is produced by abrading or roughening the 
15 surface, e.g., with abrasive tape or cloth or by rotating brush abrading in the presence of 
abrasive particles. In experiments carried out in support of the present invention, it was 
determined that applying sandpaper (240, 320 or 400 grit) to the outer surface of polypropylene 
tubes produced tubes capable of blocking at least 12% and 42% of contamination related 
emissions in the moderately and highly contaminated wells, respectively (Tables 1 and 2). 
20 FIGS. 3 A and 3B show plan and cross-sectional views, respectively, of a tube 60 formed 

in accordance with die present, invention. JThe tube illusuated has a total volume of about 200 
microliters and is formed of virgin polypropylene having no allowable regrind. The tube may 
also be formed of a comparable grade of polycarbonate. 

As illustrated in FIG. 3 A, tube 60 has an upper region 62 and a lower region 64 divided 
25 by ridge 66. Ridge 66 is constructed and positioned to allow for placement of the tube in a 
tube holder, as described above. Upper region 62 is bounded at the top of the tube by lip 65, 
which circumscribes an upper opening in the tube and which may be imprinted with vendor 
markings. Lip 65 may be constructed to receive a clear cap, as illustrated in FIG. 1, or the 
opening may be left open, as illustrated here, to permit transmission of an excitation beam to 
30 the sample. 

With reference to FIG. 3B, the ridge and other surface relief features visible on the outer 
surface of tube 60 are not reflected in inner surface 68, which is preferably left smooth to 
facilitate quantitative sample transfer from the tube. In the embodiment illustrated, it can be 
seen that the wall thickness of the tube vme& between the various regions of the tube. In the 
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200 fLl tube 60 illustrated, the wall thickness varies from 0.009 inch in the lower region 
indicated at 70 to O.OIS inch in the upper portion of tube indicated at 72. The base of the tube 
74 is thicker (0.029 inch) to withstand higher pressures, such as are encountered during 
centrifugation. 

S Returning to FIG. 3A; lower region 64 is shown as a textured surface 76 applied 

according to Mold Tech pattern MTl 055-5 having an average etch depth of 0.00097 inch, as 
described above. Polypropylene tubes constructed according to the specifications of the 

tube illustrated in FIG. 3A and having textured or translucent lower regions were tested in 
placed in a highly contaminated well of an ATC, as described above. Full emission spectra 

10 were recorded for each tube after excitation at 488 nm using a CCD detection system, where 
bins 1-32 correspond approximately to 500-600 nm emission wavelengths. FIGS. 4 and 5 
shows a comparison of spectra recorded from a moderately contaminated well (well 51) and 
a highly contaminated well (well 50) of an ATC as follows: empty well (diamonds), a tube 
textured by EDM and displaying high initial fluorescence under a black light (solid triangles), 

IS a clear Micro Amp*^ tube (closed circles), a translucent tube containing titanium dioxide 
(crosses), a tube roughened by sandpaper treatment (open circles), a tube textured by EDM 
and displaying low initial fluorescence under a black light (crosses), and a tube having 
chemically etched on its lower surface Mold Tech pattern MT1055-5 (solid squares). The 
closed shutter readings at are shown as stippled squares in both figures. 

20 The following examples illustrate, but in no way are intended to limit the present 

invention. 

Example 1 

Real time monitoring of PCR 

amplification of DNA encoding Q-actin from 

25 various starting concentrations of target DNA 

A 296 base-pair segment of a target DNA encoding human B-actin was amplified by PCR 

from various starting amounts in the range of 5x103 to 1X106 copies of target DNA. The 

following primers and probe were employed: 

5'-TCACCCACACTGTGCCCATCTACGA 
30 (forward primer) 

5*-CAGCGGAACCGCTCATTGCCAATGGT 
(reverse primer) 

35 5'-A(FAM)TGCCCT(TMR)CCCCCATGCCATCCTGCGT 

(probe) 
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wherein "FAM" indicates a fluorescein molecule coupled to the oligonucleotide by reacting an 
NHS-ester group attached to the fluorescein's 6 carbon with a S'aminophosphate attached to 
the 5'terminal deoxyadenosine of the oligonucleotide in accordance with Fung et al.. U.S. 
patent 5,212,304; and wherein "TMRH" indicates a tetramethylrhodamine molecule coupled 

5 to the base moiety of the adjacent thymidine via the amino linking agent disclosed by Urdea 
et al., U.S. patent 5,093.232. 

PCRs were carried out in 0.2 mL MicroAmp tubes (Perkin-Elmer, Norwalk, CT) with 
the following components: 10 mM Tris-HCI, pH 8.3, 50 mM KCL 3.5 mM MgC12. 200 /*M 
each of the nucleoside triphosphates (with dUTP substinited for dTTP in accordance with U.S. 

10 patent 5,035,996 to prevent carryover contamination), 300 nM each of forward and reverse 
primers. AmpliTaq (Perkin-Elmer, Norwalk. CT) at 0.05 UZ/tL. To this mixture was added 
5 fd. Raji DNA (Applied Biosystems, Foster City, CA) at 10 ng/^L, 5 iiL probe at 2 /tM, and 
1 mL uracil N-glycosylase at 1 unit/^L to bring the reaction volume to 51 fiL. Heating and 
cooling cycles were carried out in a model 9600 Thermal Cycler (Perkin- Elmer, Norwalk, CT) 

15 fitted with a sample holder cover containing the sample interface components of the invention. 
The following temperature profile was employed: hold for 2 minutes at 50'C; hold for 10 
minutes at 95* C; cycle through the following temperatures 40 times: 92 'C for 15 seconds, 
54 'C for 15 seconds, 72 "C for 1 minute; then hold at 72*C. 

FIG. 6 illustrates data showing the emission spectra of the fluorescein and 

20 tetramethylrhodamine dyes employed as indicators above and fluorescence due to extraneous 

sources in the apparatus. 

FIG. 7 illustrates data showing fluorescein fluorescent intensity and tetramethylrhodamine 

fluorescent intensity as a function of cycle number. The high frequency oscillations in intensity 

reflect die temperature dependence of the fluorescent emission of the two dyes. An increase 
25 in baseline fluorescence for both dyes between cycles 10 and 28 is a system-based variation. 

In FIG. 8, which illustrates the ratio of fluorescein-to-teuamethylrhodamine fluorescent 

intensity from the same data, the system-based variation is eliminated and the RMS of 

fluctuations in the readout signal, that is, the ratio of fluorescent intensities, is less than 1% of 

the average magnitude of the measured ratio. 
30 FIG . 9 illustrates data from PGR of the Martin DNA starting from amounts ranging from 

5000 target molecules to 10* target molecules as indicated in the figure. 

While the invention has been described with reference to specific methods and 

embodiments, it will be appreciated that various modifications and changes may be made 

without departing from the invention. 
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IT IS CLAIMED: 

1 . Fluorescence monitoring apparatus for measuring fluorescent emission from a sample 
in response to sample irradiation by an emission beam» comprising 

5 an excitation beam source capable of directing an excitation beam into the sample, 

a tube-holder having a wall ponion capable of supporting a tube, 
a tube for holding the sample, and 

detection means capable of detecting fluorescent emissions from the sample in the tube, 
where said tube is textured in the region of the tube supported by said tube-holder wall 
10 portion, and the textured region is characterized by a surface roughness and peak density 
effective to significantly reduce background fluorescence detected by said detection means in 
response to fluorescence emission related to contamination on the tube holder wall portion. 

2. The apparatus of claim 1» wherein said tube-holder is capable of supporting a 
15 plurality of tubes. 

3. The apparatus of any of claims 1 or 2, wherein said tube is formed of a polymer 
material selected from the group consisting of polypropylene and polycarbonate. 

20 4. The apparatus of any of claim 1 or 2, wherein said textured region of said tube has 

a textured outer surface characterized by a peak density of between about 50 and 500 peaks/0.5 
inch line. 

5. The apparatus of claim 4, wherein said peak density is between about 200 and 500 
25 peaks/0.5 inch line. 

6. The apparatus of claim 4, wherein the surface roughness is characterized by an 
average depth of 0.0002 and 0.003 inch. 

30 7. The apparatus of claim 6, wherein the surface roughness is characterized by an 

average depth of less than 0.001 inch. 

8. A method for reducing fluorescence background in a fluorescence monitoring 
apparatus designed for detecting fluorescent emission from a sample contained in a tube, where 
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the tube is supported by wall portions of a tube-holder in the apparatus, said method 
comprising 

texturing the surface region of the tube supported by said wall portion to produce a 
surface roughness and peak density effective to significantly reduce background fluorescence 
5 detected by said apparatus in response to fluorescence emission related to contamination on the 
tube holder wall portion. 

9. The method of claim 8, wherein said method comprises detecting fluorescent emission 
from a plurality of samples contained in a plurality of tubes. 

10 

10. The method of claim 8, wherein said texturing is effective to produce a texture 
characterized by a peak density of between about 50 and 500 peaks/0.5 inch line. 

1 1 . The method of claim 10, wherein said peak density is between about 200 and 500 
15 peaks/0.5 inch line. 

12. The method of claim 10, wherein the surface roughness is characterized by an 
average depth of 0.0002 and 0.003 inch. 

20 13. The method of claim 12, wherein the surface roughness is characterized by an 

average depth of less than 0.001 inch. 

14. The method of claim 8, wherein said texturing includes casting the tube in a mold 
having an etched mold surface. 



15. The method of claim 8, wherein said texturing includes abrading the tube region. 
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«^a$aT-*> *J 3!; «v h ;r 7 7 ;b if - 4 2 Srilil L fc^. 

i/>X4 4 tc j:oT^^^ h;i/4)-«f^icfifRi3ti-5, :^ ^ h ;i/ tS" #f ^ , m^te 

iy -f- )v i: :^ ^ ^ h )vx'-^mL, ^LTi/^''T^;^®^l$c®;^^^^ h;i/«fi&figr0-<D 

m^^^iz^m-t ?>r:Li!b<D. zfvxA. iaff*&^® * o j&^^m, ej:t>'^>f;r- 
FTU'f, (CCD) mm. mmy ^ -<or iy-( . tB^xj^^m^f- 

dSVNT, X h ;b 4}--:Bf , liI#f*S^4 6 (#!lx.«, Jobin-Yvon, NJC!)^v^;b 
CP-140) . 33 J: ZfCCDzi >hn-^-50 lCj*Sg $ tlfcCCDr 1/ -f 4 8 (ffil A 
Princeton Instruments, NJ© ^ 7^ ;b S2135) ^ S „ 

&3lzm^iji:^M^^£CCD7 U-f li. h ;i/ 0 SOOnm^^ 650ninC!) fl © 45 H tC 

mHi^. Kargere>, Nucleic Acids Research, 19: 4955 21962 (1991) tC J: y IB IE $ 
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tim At ^ LIZ. ^SJt&tt^-ts tmi^iz^m^nm^ti^ hx-ib^, 

€». 

-a8{C, i^ffife J: tf4)-^¥^©«, H 1 S J: tJfH 2 ©^^Iga^mtC J: »; ^ 15 S 

^ |114f fFlg4,577,109-^ j3 <k 0^|BII|4,786,886^, th* {C The Photon 

ics Design & Applications Handbook, H 39iSS (Laurin Publishing Co., Pittsf 
ield, MA, 1993) (Z) J; "5 'fc # # 5: M 5 n S J: -3 tC, '^Wi^W\Zi&\,^X 
T- S . 

G) ft6 ® if (la >^ - A (M^tf, LCR) 7b^^M$tl#S. PCRS: fr 6 & gS^ J: 
<3D±S® # < ©H* Innisb (MjzE), J3 J: tJ^McPherson e> 

(tf;«E)$:-g-t/) iCfel^^TM^^tl^o ffl^lCli, PCRtCfeVNT. 2 o © ^ U =f 3? 

^L, -eUT(i)S^g!! (-t -^SW) DNA©JK*f (0^±(cS> y , L T (ii)*ti|iS 

. :^^;i/j®PJ<Z)2oa)#;rU =f5i^? l/:;r^ K^J:t;4o®-r:t^i/3i^? U:ti/ K 
= 'J>ii (dNTP) ®#^ETT*, iPlSft-tSz: i:tCcfc »J ^"14 3 4X4. v^ T'SfSiB-^ 
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•5. rk^^X', ^-14, r--vyV. j: ijf # :R © -b- >f ;i/ # gs[ m (f^^wtcii 

25-3513) ^Uigt-o 1 [lI(Z)ltiliiMi^*W^(D^S^^i?i: LT^-^M-r-S ^ i:7!)^e>. 
3a^^-5#-b-^'i';i/«*M6<JtC#«|DNAiActtmiliSM^®«S:2^{C^S. 

cmanj T n - iZ L . Holland^), Proc. Natl. Acad. Sci., 88: 7276-72 

80(1991){C J: y ffiiSSnSo 4^ W HB # * T' ^6 ffl 3 41 S J: e) , 6^tCB5LT©M 

m.(Df^m^^tir-Wiybt>^m<bti&. mm&-ifj^m'^»mm^mit. * -fb ^ ^ i^" ■^7 a 
, 3 o itzf a ^ Ms. 'J- jiyf uy i?, 7 ^ ^) vy-^x^yv. ^ y v -r 

jjl/ti'U^, 4" ,6' t^' 7 ^ i? y (diaminidino) -2-:7 X — > K- ;b (D 
API) , ^ — fb-A V y V . \^7.^y X ^ X 9 — )\/ (bisbenzimidaxole) 

•fe^ («^JA«, Hoechst 33258. J; t>* Hoechs t 33342) , <fc t>' ft ^ CO # A ^ 
©'VT^D^^rv- (^J;t«, 3:^s;^7A, r^US^>. ^T!/U'i7A. fej;yf;r 
^> ^/ U '5' A^Ei^ 4^ P, (^0^^POPRO, BOPRO,. YOPRO, d3 <fc t>* TOPROtC i: »J ^ 
^T'fe€>)) , Tfc tC JiAT 0D##3Sca^tC v^ T latE ^ 41 -2> HSKD-fe^ 5: 'S.-^'t 
•5 : Haugland, Handbook of Fluorescent Probes and Research Chemicals, % 
5^, 221-229M (Molecular Probes, Inc., Eugene, 1992) :Glazerf), Proc. 
Natl. Acad. Sci., 87: 3851-3855(1990) ; Srinivasan , Applied and Theoret 
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ical Electrophoresis, 3: 235-239(1993); Kapuscinski?}, Anal. Biochem., 8 
3: 252-257(1977) ; Hill, Anal. Biochem., 70: 635638(1976) ; Setarob , Anal 



Biochem., 71 : 313-317 (1976) ; Latt 6 , J. Hlstochem. Cytochem.. 24: 24-33(1 
976) : J: Rye?) , Nucleic Acids Research, 20: 2803-2812(1992). * L < 

o 

* i^\>^m 2 (Dmytm^mit, a - ^sr ^ y^mts^zfyjvyfu-b-fy'&.m^'^^t 

■6. J;»Ji?*L<t±, ll20!)S^*g5^^{i, 5^h^^^;bn-<5?*^>, *feti2' 
,4' ,5' ,7' ,7- h ^ if U D-4,7-i?i7 □ O "7 ;U :t 1/ -fe ^ > T' * »J , ^ # {± Menchen 6> 
, >Kai#flFll5,188,934-^T'Bga^$ 

if ^ U V^HJgffi^fC *5 V^T tt, Leee>, Nucleic Acid Research, 21: 3761-376 

6(i993){cia«$ixs ck e) ic, mi (Dmytm^mis j^xj^m 2 (Dm.%mBmi,tm:^ 

^ lifts „ :t V ^ Ji if Fij^mm^tl (M^U. DNAjK U ^ 

^ - -If 0)5' ->3' X dp V 51 1/ T - -ejSi4(C <fc y ) , 2 o®fe^S::9-g8-r -5^^, 

^Cfe^-^T, id ® - , 488nm0 T ;i/ df > W >J- > 1/ - -If - (Z>^^SS5 J: y ^ D S 
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^tU^Mii y :t 1/ ± ^ y 6-FAM(Applied Biosystems, Foster City 

j:»jA^nri8)) T'&y, ^ i^xm 2 <K>m%mBmii.7- h ^ :^ ^jva - it ^ Z/ t. 
t:L itr , A' ,5' ,7' ,7^ h ^ n a-A,7-i? ^ a a y }V7f uiE ^ y (D\,^-r tiiJ'X'^} ?> 

o 

a. Ozaki^, Nucleic Acids Research, 20: 5205-5214(1992) ; Agrawal?>, Nuc 
leic Acids Research, 18: 5419-5423(1990); J: y fig; 3 tl ^ S . tS- ^ 

HffiDNA-^^^^ (.mXii. Applied Biosystems, Inc. ^ 7^ ;i/ 392*fc{i394 DNA 
•^fig^(Foster City, CA)) T'-^-fiKSn-So ^ 1 S3 J: tK^ 2 OD it ^ , R 

ei'&HfSSli, U fcii U >SiT-:>-a i/'i (M;t«, Agrawaie, (MizE) ) 

, ^ l/;*-^ K(Z)5' p^agtcM UT^S^-r S^-^tt5'7K®fS± («?IJ;ttf, Fungb^ 
^|l|#Btll4,757,141#, ^fettHobbs Jr.. ^ H # ^ 4 , 997 , 928-^ ) . j3 J: t>' 
i&»3P:9-± (.rn^ii. Ruth, ^BI#fF#l4,948,882-^ ; HaralarnbidisP,, Nuclei 
c Acids Research, 15: 48< 7-4876 (1987) ; Urdea^j, >fe H # fiP H 5 , 093 , 232 ; Cr 
uickshank, >K |lI4tffF||5,091 ,519^ ; Hobbs Jr.f>, ^ BI#ff US , 151 ,507-^ ; 
if tc J: U IB ^ $ ^ ) y # ^ . « =fej » i L < , U ^ i^" > SP 4)- & >fr ^ -2. 3? 

^RriglC-rS„ 3 ® J: e> a 'V ^ V ^yi±, U >S{IS®»S-^ (m^it. HomfeJ: 
l>*Urdea, Tetrahedron Lett., 27: 4705(1986) {CfB® $ iJx ^ S: /^ L T ) J: 

*J -6! fj 45 to , L T Clontech Laboratories (Palo Alto, California) J: U 
5' Phosphate-ONIMh L T mas 3 V% S . i?*U<tt, ;}-U=f5t^^:^-^K^n 
- :/ , 15— 60 3? ^J' ^ K :g $ ® $g ffl T' S o . i »J ^9F * L < « , yj" U 5? ^ 
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l':^^ K 18~305{ ^ l/:*-^ \^ <D M ^ <0 mm X' & i> , 

;ry=f5i4^U;t^K^O-y«f®^lJ3J: tXlg 2<0S)tfi^^<Z):J)-j||ti. ^1 

mt. mi^-^^ tm^-^f- (L«L«, ^^i-rti rK:J--j feiOt r^i^ 

•fe::^^?-! 4)-^^: tis) i: IS 0 qin: ^ ;b ^ - igi^ {c o T < <Z) # 

#S:S^tC is ^^ T ^{fi ^ n S («»Jx«, Stryerfc J; 0^ Haugland, Proc. Natl. Acad 



Sci., 58: 719-726(1967) ; Clegg, Meth. Enzymol., 211: 353-388(1992) : Card 
ulloe>, Proc. Natl. Acad. Sci., 85: 8790-8794(1988) ; Ozaki e> ( Iff ffi ) ; Ha 
ugland (Itrffi) : Heller Fed. Proc, 46: 1.968 (1987) if ) „ l|l<Z)m>fe*B 

mmizmm-r ^mnmiz^x im^a. 90%) (Dm^bf^mm-t ^ ^ o mm 

ffiSItt, 10~100::i-> h □ - A«)«gfflT'feS'^^ T'feSo tfftV<it. Hi 

(omifbiM^m tm 2 (D^^m^mit, m 4 ~io(Dm(D ^ u>*-^KT'4>^$tt, 
u<tt, lll<z)m^^g^^*fc^i||2<iDm3%^i^^(Z)v^■fi^*^;b^ jj-urr^i^u 

•5. . 
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tc J3 W & If *^ »J Tb^ o IE fit ^ , ^ ly ^ )V (D A y i/ if ^ y \^ <D 

o t^^nm^^^ J'^ if if ^ y \> #5^^-:/^c■^^^T r:/5>irj 7. 

±iBfc J: Of^^iim*®#fiFm®4:i^||W0 9530139{C J3^^TiB^$ ttS J: o tC, 

>'N''V^y5'^>F©m3^5:MiI'^^-a:-g)ifI>lltt{i, ^^«Tl^-!J--f^5 - ( ATC) |g « 

;b * {i laj ti ;S it J; ^ 5^ ^ - 7^^ ;i/ - © ^ f@ ^ 0) ^' ;!/ 5S # 

i - ^* - |^«)?§§SG)ilS:^T' S y'? «y ^ -^7 > F U < 5 4% # -S 

zlt*'5MmS4^T^^S. 2^s:5§^«)ji;lilS^cS^r^T r^^^^x^^-^Sj li, ^zl- 




1-5 0023 2 



^mic ^ *) m^^ n^mmm^ it. jf*u<tt, o.ooo2~o.oo3-f (0.2—3 
^ ;b ) T* »; , u T J: »J if * u < , 0 . 001 w ( 1 5 ;b ) Tt? ^ t- -6 » if 

* L VMf - ggSfi, 0.5^ y ^m.Wi (inch line) y 50 — 500 f - T' U 

, <kyif*L<tt> o.S'f y 2oo~5ooe- T'fes. 

, :/ D 7 -r ;b iSS (MAtf, Hommel T-IOOO:;^ D 7 ;i/ - ^ - (Tubing 

en, Germany)) ffl ^^ T tRJ ^ $ *l # , Z: 3 T' , #f-tt*®±&i&<. 2|c |g ^ «) BR 

^cfev^T, z.a> u y )\, ^ -■^ -m^^n ^ ^ t.\t. mmx^ ^ *) n ^ > 

tji-^t^<b. iff i L v^^ i - -^ti, ftTb^ofc, :^)^ o /h $ ^ n - T' fe -2) e> -e 

«?CV^T', # e>tife e- ^ J: Of^a)iilP 5:±IB® J: o ICiiS^S 3 IC 
J: y , r tt^iiS . Zl<>D?i^tt, =l - <Dm.^ 1^ f^it'r ^ 7s 

, 316 ^^) ^ffi -5 d J: y $ n#, «y i? ^ -t? > K ^ 3t 

<7)|IMe<I^M'><© S fig SrSI-e^-r « 3 i: *^|g^3 ; ;K ?S <fe 0) «> 

© z: ^ - T^'o^ffl s «i<z) «?) (c, ^^^^#'i4tt> ^ :3. - ^ i>3 CD -y- 

5^rL->^li. iti{T'#S3®^?;a;^^-:/*fe{±-b->^;i/'t73L;i/g#j: y?M^34x 
zf a U y t fci it ii< :t} - - h ) e> $ ti -5 » 3 ti 5? © ^ x ? <y ^ 
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?^fiSc$ . m.t£^i5m\z u n-s 5^ ^ x ^ -v -m^ 5^ ^ - ^" 

=8- 5^ a. - ^ , ±fB© J: e) Ic^i6!t«)i5f5 5^ ^ > >'N*- S:^ t--5 45-«f 
■b--f^^ - (ATC) G)S«)t7x;i/(Cg<. ^llC^S^lSf'-^rtt, ®3^?:56-r 

ti^. MCoyccD-^ y :f V y if A 7.(D y 2immiz& ^ Z t ^ B Vtz. o z<Dmi^ 

it. tK**?J544nni(D^ . 3 ® fl Jgc fC i3 ^^ T , ^ (D 'i' jc 1300A/D# fil ® )t 

■f'yy'? (gB 15 2/ -v «v - ® Bt $ ) i:100%^jaffli;<Z)|^-eili^?:?^^-t-&|5S 

•V if - t^ggtC ibfic L fc^i^ S/ y:^;b^S (Average Signal Intensity) (3 3. 
■e. flJ^Stl^VN^ld;, ^n-:/$:Sii-r.g)) , ^3J;t^*^^©^/^•-•fe>h (33 
T', 100%li, ^ i - ^a)#^#^£TT"^7 i ;i/tc J; »J $ 3t ©»{C J; U 
StlS)i:LT^llCa^-r, 

^2«. lSrStC?§gS(5^:i-:/<D^^#«ETtCj3 ^^ T 2769 A/D#{aa)3te) $ *l 
3iiX)«^^0D>i73i;i/ (•:7i;i/50) tcJ:-&jgigffl$:^-r. *i33J:afa2(i, 
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® I/-* -f *v ;()^ T' -5 3 i: S: ^ -r „ 

* Ac^S^ L ;t , z ® J: e) ^ ^ :i - >^ mmm<D^mi^ («2) (D^^^mcSs 



« 1 





(A/D ^tt @ e> 12) 






0 


0% 




901 


69% 




1038 


80% 


9>KV '/^•-T<a< u& 


1143 


88% 




1322 


102% 




1482 


114% 




1300 


100% 



* 2 





(A/D 9 kr> 12) 






0 


0% 




1393 


50% 




1584 


57% 




1603 


58% 




1855 


67% 




2272 


82% 




2769 


100% 
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^ o 

Stt^^5)-S^T'^^T'fe S -fiftWtCli, JSATT'lB^-r S J: e> ii-fb^ W * Ac 

G>'fb^W«:x«v^:y^^S:'^^t--So Z. t\, h a> ^ m.<D -^X 1^ h < \t . ^ ^--f 
±xnt>i^^ z. t.\zmM-^ ^^X&^ , ^ rL--:f<D\^^mm<D'r ^ ^ u >y 

f# -5 jb^ e> T' fe s o 

ma. 0^ < (D:^miz J: f^m^n^o z.(d ^ o ^j^m%:^m-t s> i ^(D^mm^^^ 

J: U S!*^ e> ^«<D/jN $ < » 5: K^^-r 5 iJcSADX (EDM) # & (c J; U ^ S *i 

<fc S 3t iS: , If SiStC^^ Ufe i;^^C;fe^^T tt20%i@S, iS S t55 u 

i ;HC T 43% ^ S at ^i-" S -ti: , 
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Mold Tech (Roehlen Industries, Walnut, CA) & (D <D IW- ^ . 

Xmff3^Ji&mt^:^i>nX^^^^n<b OMold Tech Patternft ^ S (C J; U « t> 

#i?!t^we,ns. astt, jftfg w icse o t ^ n. - ^±©7^ ^ - ® j^^tc^gg 

ffl $ tlT ^ fc# < «)^Sfi9*:Mold Tech pattern & 3«J# "t S » MT-11000« (MT-11 
003~MT-11005) i/U-X(D-5^t^X^lrU>yOD>'1^5f->tt. ^S$*tfc;^^$ 

(Z)iisii?0 s?fby ;b ^ X ^7 A) ^m^^x^mmicmm-t ^ z. tiz J: i^m 

StlS. MT-10552/ U - Xli, ^CDxy^>y{Cj:Uf^i?$tlS = 



«3 



Mold Tech Pattern 




MT-11003 


.000195 -f>^ 


MT-11004 


.000267 -r >^ 


MT-11005 


.000477 0^ 


Mr-11006 


.0010020^ 


MT.11007 


.001468 -i >^ 


MT-1055-2 


.00063 -f >^ 


MT-1055-3 


.00072 -f>^ 1 


MT-1055-4 


.00093 >^ j 


MT-1055-5 


.00097 <>f^ 


MT-1055 


.001450^ 



-1055-5) tC J: II - >^ti, ^i^StC?^^ L i e> <7)?^^|8Jt (31%^ 
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^-tt. 0.5-Y >^it«§ifefc y 88tr- CDe- i/^S, J: 0.00097 >r >^<z>^ 

>5^i[afefeU 379t:''-i7®tr--;'SBS. fcJ: LKO. 000477 >5"<D^i^(D;?$ $: 

-r S MT-11005., >5fi e> 0^ IC 0 . S-T > 5^ it^S »J 283 tf - CD tT - ffi S , « <t 
0.001002>f >^<D5p:^(©jp$ Sr^tfS MT-11006;ib^ ?j0^R$nTV^S. J: "J— 8865 

{ctt, o.5-r>^a:^«>feu;^50fcr-i'i:5ootf-^tiDr^<z>tf-i'^s, s«tt>' 

if^j0.0002-r > ^ 0.003-f >5^t®P^C0^i^<Z);¥$ S:;ft-5-f-^X5=--V-A';*|§ 
flB<0^ffl©fc«b{ci?* L^>3 t A'^HiStiSo J:yi¥lffl{ctt, PCRM fS tc <r> T 

STttotc, I6H o - ^7 (o-s-r y 2oo~5oof- i7) . 

33 J; t>*0.004-f >5^ii0.00i-f>-3=-i:®p^<Z)^S$:^-r-6, 

©^iteTT'®®^::'-^ i/WlitC «t o T) 3 i: (C J: y #ig 3 S , * H ^ S: ^ # It 

i^- > K ^ - - (240, 320, *fett400^^Uyh) (D il fli , tfSSSSiO^lSS 
»C^^Lfe'>i;btf<Df5^{Cg§»-r-S>#g^5:, 'J'^^<i: t; ^n^tll2% 33 J: tJf42 

S3Ai3J:t)f3Btt, *3«^{CtieoT#Sg$tlJt:^^ - ^ 60© 5p gj 0 J: »t 
'ffi0S:-€-*i-?4X3^-t. z: (Da^ $ 5^ n. - :f tt, *!j 200 V ^ q U h ;i/ 0) ^ 

-e L T Lf#S (regrind) t5 4x T tK U 
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tf u>*^e>?^^S4xS. 3 ® ^ 3. - * fc, EiJ f S y U - K «) U * - 
jK * - h e> =t 3 S , 

0 3 A {C:S-r J: e) tC. ^:i-:f6Qit. U >y 66 i; U ^J- ttT e> *l .5 ± gP ^ 62 
J:t>'Tg|iMJ^64^;t-r U -y s^'seti, ±gaoDJ:e)tc, ^ =l - - [H ^ 

i^cD#^{i, waisaaestc liMBft^ n;5: v^. rtSP^BSStt, ^ a. - y e> ® *w 
■& z: ii B ffi S n f§ o ig^ $ -5 200 m 1® ^ a. - yeoic ^^ T , ^©iP^ii, 

70T'a^ 3 4xfc TSP^^ tC t-t S 0.009-f > ^ j!)^ e> , 72T' ^ 3 n - :/<D JlSP 

JC l-t S0.015-r >^ * T'|gfb-r S = ^3.-^«)®74tt, J:^J1S^^EE;^J 

, 3S>C^^^'^C^tiS•^^J:e)^^j!±:^3) {clf;i'5fci*{Cj:tJjSV% ( 0.0290^) . 

msAizm^t. r^mment. ±m(D^oiz. 0.00097-f x 

^ > y<Z)gi§^$:*-tSMold Tech pattern MT1055-51C S& o T iiffi S 4x 5=- :^ ^ 
■V-$tlfc«®76t LTa^^nSo 03 AT'a^S4x&^n.-:/ODiBi2B{Ctto'r^ 

±fBO<fce) (c ATC® iSSlc?^^ ^ntcL^ X. ;b{c@BS $ tiT 
SiSnfc. CCD^BI m 5^ A ( 3 3 T' > 1 ~32«*<j500~600nin<7)|6^ jS:^ lC*f 
fS:-r-5) ^:fflV^T, 488nm{C t-^ S l&jg^{C=g.5^ n - :/fC O V> T ^^^^^ 

>i7x;i/ (t;a:;i/5l) J: l>*lif S ic ^ L ^7 x ;i/ (-^x^i/SO) e>®iBffliS4xfc 

T^-5jmjtlSTT';gvv1fO«3®®^?:^-t.^rx-^ (llH:ft) _ ^ ^ MicroAmpTM 
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Mold Tech pattern MTl 055-5± ® {fc ^ 65 >V 5^ > & 1" S 5^ - :f (MH^) 

g)Bfljt&igSg)^6<|DNA;!?^ g> CQQ-7 ^ > S: 3 - K-f -SDNAg) 

t hB-7^^y^z2 - Kf ■5^6*»DNA0)296i^SM-fe ^* > h 5: , 5X 103~ix 

>r V - i t}f ^ n - 3/- ?: dgffl U : 

5' -TCACCCACACTGTGCCCATCTACGA 

( lE ^ I^J ^ ^ V - ) 
5' -CAGCGGAACCGCTCATTGCCAATGGT 
( i36 * [pl y ^ >f V - ) 
5' -A (FAM)TGCCCT(TMR)CCCCCATGCCATCCTGCGT 

(^a - ^) 

rpAMj >' ;L';t H2 > CD 6 g^J^ icjg-^ L feNHS-X , Fun 

ge)0)*ffl#fFI|5,212,304-^fce^oT;i- UrJ5?;? K<3D5'5K3S©f'>J-dp2/7' 
J iy y izm-^ h tz.b' T ^ J ^) y mm t. ^ Km-f ^ Z. h \Z j;. <•} . :^Udr5Ci'U':^ 
5^ KIC^S-^ U feSitii-^ ; J: t>*3 3 T'> TtMRHj Urdea CD ^ 1114^ 

PCR{i, JWT ® ^4}- ffl l^ T 0.2mL MicroAmp^ n - ^ (Perkin-Elmer, Norwalk 
, CT) : "lOmM Tris-HCl, pH 8.3, 50mM KCl, S.SmM MgCl2, ? 

:t K = U :/^«-200 /i M (:^^^ U A- «>?^^S:R&<?fc «>(C, ?KIS4fffll5. 

035,996-i-tCiie o TdUTPSrdTTPOf^ffl ilLTfflVxfe) , iE;^|ol:/^-fV-j3J:t>* 
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rfil y ^ ^ - #300nM, 0.05U/At LOAmpliTaq (Perkin-Elmer, Norwalk, CT 
) . 3<Z)il^®jC, lOng/it LT © 5 M L<ORaji DNA (Applied Biosystems, Foste 
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